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Displacement  Reactions,  XII.  Correlation  of  Bates  of  Solvolysis 


with  a Pour- Parameter  Bqu&ticn 
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(1)  Paper  XI  selves  as  an  introduction  to  this  paper.  This  work  was 
supported  by  the  Office  of  Naval  He search, 

(2)  C*  Q,  Swain,  H.  I*,  wosoly,  D.  B,  Bov/n,  I,  Allen  and  D.  C.  Dittmer, 
J.  Am.  Chem.  Soc..  76,  000  (1954). 


By  C.  Gardner  Swain,  Robert  3.  wosely 
and  Deloa  2.  Bown 


A four-parameter  equation,  log  (k/k°)  = CjdLi  + cada.  is  tested, 
where  k is  the  first-order  rate  constant  for  solvoiysiB  of  any  compound  in 
any  medium,  k°  is  the  corresponding  rate  cmstant  in  a standard  medium 
(SG/u  ethanol)  at  the  same  temperature,  Ci  and  Cg  are  constants  depending 
only  on  the  compound  undergoing  'Jcivolysis,  and  dj,  and  dg  are  constants 
depending  only  on  the  medium.  All  available  data  capable  cf  serving  as  a 
test  of  the  equation  were  used.  Values  of  cj,  and  Cg  are  reported  for  25 
compounds  ranging  from  jwiitrobenzoyl  chloride  to  triphenylmethyl  fluoride, 
and  values  of  dj,  and  da  for  18  solvents  ranging  from  methanol  to  formic 
acid.  These  were  determined  from  the  equation  and  146  observed  log  (k/k°) 
values  by  the  method  of  least  squares.  The  mean  and  maximum  ranges 

in  observed  rate  for  a fixed  compound  are  factors  of  1.4  x 102 3  and  7,6  x 10s 
respectively.  The  mean  and  maximum  errors  in  the  calculated  rate  are  factors 
of  I.33  and  4.4. 
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A four-parameter  equation  was  developed  in  paper  XI 

log  <k/k°)  = Cjd-i  + Cad^a 

where  k is  the  first-order  rate  constant  for  Bolvolysis  of  any  compound  in 
any  medium,  k°  is  the  corresponding  rate  constant  in  a standard  medium  at 
the  same  temperature,  0\  and  Cg  are  constants  depending  only  on  the 
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compnund  undergoing  solvolyBis,  and  di  and  d^  are  constAnte  depending  only 
on  the  solvent. 

As  the  standard  solvent  we  chose  00$  ethanol-20$b  water  by  volume 
"because  more  data  ware  available  for  it  than  for  any  other  solvent.  Table  I 
list 8 leg  Jc0  in  80$  ethanol  for  25  compounds. 

Table  II  lists  the  146  log  (k/k°)  values  capable  of  serving  aB  a 
check  on  the  equation,^  i.e.,fcr  advents  studied  with  three  or  moro  compounds 

(3)  The  only  data  knowingly  omitted  were  6 data  on  t,-butyl  bromide,  which 
vrere  used  in  preliminary  attempts  to  fit  the  equation  but  were  dropped  in 
the  course  of  the  Mark  IV  calculation  because  they  appeared  to  interfere 
with  convergence  of  the  successive  approximation  procedure  employed. 


or  for  compounds  studied  in  four  or  mare  solvents  at  the  Bame  temperature,  or 
at  enough  temperatures  to  permit  extrapolation  to  the  common  temperature 
for  each  compound  listed  in  Table  I, 
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Table  I 

HATES  III  80, <3  STHAHOL 


Compound8, 

leg  k°,  sec."1 
10  ' 

Temp.,  °C, 

Hef. 

ilOg^COCl 

-1.31 

25 

4 

HOa^COF 

-2.00 

25 

4 

0COG1 

-2.59 

25 

4 

0COF 

-4.21 

25 

4 

i*ie^C0Cl 

-2.46 

25 

4 

I-ie0COF 

-4.6? 

25 

4 

Me3r 

-5.66 

50 

5,6 

EtBr 

-5.86 

50 

5,6 

StOTs 

-5.04 

50 

5 

n-BuBr 

-5.4lb 

75.1 

7 

0CHaCl 

-5.65 

50 

5 

0CH3OTs 

-3.49 

25 

5 

i-PrBr 

-5.93 

50 

5 

i-PrOBs 

-2.77 

70 

8 

PinOBs 

-2.86 

70 

8 

MeOCxOBs 

-5.49 

50 

5 

BrCxOBa 

-5.15 

50 

5 

0CKClMe 

-3.79 

.50 

9 

03 CHC1 

-2.77 

25 

10 

03CH? 

-6.56 

25 

11 

.t-BuCl 

-5.03 

25 

12 

03CSCH 

-2.98° 

25 

11 

03CO.ac 

-3.28 

25 

11 

03CO0NOa 

-3.35 

25 

11 

03cf 

-3. 58 

25 

11 

a / 

r = C6H6  or  ^-substituted  C6H4;  BrCx  ~ trans~2-bromocycloh3xyl:  Pin  = 
pinacolyl;  OTs  = p^toluenesulfonate;  C3s  = js-bromobenzenesulfonate;  ke,  St, 
Pr , 3u  = CH3v  C3Hp,  C3II7,  C4hg. 

D Interpolated  from  a plot  of  log  k vs.  molo  fraction  of  water, 
c 

Assumed  value.  Ho  measurements  were  made  in  8CJw  ethanol . 


(4)  D.  E.  3o*m,  Ph.D.  Thetis,  ii.I.T.,  April,  1953. 

(5)  S.  'iinstein,  E.  Grunvald  and  H.  W.  Jcnes,  J„  Am.  Chem.  Sqc..  73,  2?00 
(1951). 

(6)  L.  C.  Bateman,  K.  Cooper,  E.  D.  Hughas  and  C.  K.  Infold,  J.  Chem.  Sot?.. 
925  (1940). 

(7)  M.  L.  Bird,  S.  D.  Hughe*  and  C.  K.  Ingold,  ibid.,  255  (1943). 

(8)  E.  Grunwald  and  S.  Wlnstain,  J.  Am.  Chem.  Soe..  70,  846  (1948). 

(9)  A.  h.  Ward,  J.  Chem.  Sqc..  445  (1927). 

(10)  A.  j-i.  Ward,  ibid..  2285  (1927). 

(11)  C.  C.  Swain  and  R.  B.  hosely,  J,  Am.  Chem.  Soe..  76,  0000  (1954) :r.  B. 
Mosely,  Ph.D.  Thesis,  to.I.T.,  July,  1952. 

(12)  E.  D.  Hughes,  J.  Chem.  See..  2 55  (1935)# 
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Table  II 

RELATIVE  RATES  OF  SOLVOLYSIS* 


l 

I 


f 

| 

! 

f 


b 

Compound 

C 

Scbrent 

log  (k/k°)a 

Ref, 

NOg^OOCl 

EtOH,  100 

-0.68 

4 

tt 

MegCO , SO 

- .91 

4 

n 

He3CO , 30 

- .52 

4 

Vf 

MeaOO,  70 

- .35 

4 

it 

MegCO,  50 

- .12 

4 

ft 

AcOH,  100 

-4.67 

4 

n 

HOOOH,  100 

-3.37 

4 

NOg^COF 

MeOH,  100 

-1.59 

4 

n 

KeOH,  96.7 

-o.5l 

4 

it 

MeOH,  69.5 

+ .47 

4 

n 

EtOH,  100 

-1.77 

4 

n 

EtOH,  40 

+0.51 

4 

tt 

I-iegCO,  00 

-1.07 

4 

H 

ri©gCO , 70 

-0.64 

4 

n 

KeaCo#  50 

-0.04 

4 

it 

AcOH,  100d 

-6.37 

4 

ti 

HCOOH,  ICO 

-4.25 

4 

\ /ccci 

MeOH,  100 

+0.22 

13 

tt 

MeOH,  96.7 

+ .33 

4 

It 

MeOH,  69.5 

+ .87 

4 

H 

EtOH,  100 

- .52 

4 

W 

EtOH,  60 

+ ,48 

4 

ft 

EtOH,  50 

+ .84 

4 

n 

EtOH,  4C 

+1.30 

4 

n 

MegCC,  90 

-1.18 

4 

tt 

i'lOgCO,  80 

-0.?2 

4 

(Table  II  continued) 
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Compound 

Solvent 

log  (fe/k°) 

Ref. 

0COC51 

Mo  3CO , 70 

-0.3? 

4 

u 

Me3C0,  50 

+ .50 

4 

n 

AcOH,  ICO 

-2.39 

4 

tfCOF 

MeOH,  96.7 

-0.23 

4 

it 

MeOH,  69*5 

4 .84 

4 

it 

EtOH,  100 

-1.53 

4 

n 

EtOH,  40 

+0.81 

4 

ti 

MeaCO,  80 

-1.19 

4 

N 

MegCO,  70 

-0.8? 

4 

« 

M83CO  , 50 

+ .11 

4 

it 

Acoa,  iood 

-4.47 

4 

n 

HCOOH,  100 

-1.61 

4 

lie^COCl 

EtOK,  100 

-0.79 

13 

n 

Me a CO,  80 

- .90 

4 

w 

MOgCO , 50 

4*  .85 

4 

•f 

AcOH,  100 

-1.94 

4 

*ie</OOF 

MegCC,  8C 

-1.13 

4 

1! 

Mea CO , 50 

40.09 

4 

n 

AcOH,  100d 

-3.79 

4 

it 

HCCOH,  100 

-0.36 

4 

KeBr 

EtOH,  100 

- .75 

5 

ft 

EtOH,  50 

+ .41 

5.14 

it 

Me3C0,  50 

+ .22 

29 

n 

HgO,  ICC 

+ ,68 

5 

H 

HCOCH,  100e 

-1.78 

5,16 

■/:*». - -fc-tHtat  1 «.*  V 


(Table  II  continued) 
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Compound 

Solvent 

log  (k/k*) 

Ref, 

f 

EtBr 

EtOH,  100 

-0.77 

5.17 

it 

EtOH,  50 

+ ,58 

5,14 

ii 

Ha0,  100 

+1.12 

5 

*i»  - 

ti 

HCOOH,  100f 

-1.15 

5,17 

}L. 

EtOTs 

i-ieOH,  100 

-0.28 

5 

ti 

StOH,  100 

- .57 

5 

n 

StOH,  50 

+ .37 

5 

it 

AcOH,  100 

-2.38 

5 

2,-BuBr 

we  OH,  100s 

-0.36 

7 

ii 

MaOH,  ?6.7s,h 

- .21 

7 

if 

MeOH,  69.5s’ h 

+ .46 

7 

I 

£ 

IT 

EtOH,  100 

- .70 

7 

1 

It 

EtOH,  90h 

- .19 

7 

| 

1 

It 

StOH,  6oh 

+ .2? 

7 

ft 

l 

| 

n 

HCOOH,  100^ 

-1.14 

18 

tfCHgCl 

i-ieOH,  100 

-0.2  6 

5 

l 

n 

StOH,  ICO 

- .85 

5 

1 

V1 

9 

ft 

StOH,  50 

+ .7^ 

5 

tfCHgOTs 

we OH,  100 

- .29 

5 

f+ 

It 

EtOH,  100 

- .78 

5 

» 

j 

It 

AcOH,  ICO 

-2. 09 

5 

i-Pr3r 

EtOH,  ICO 

-1.02 

5 

2 

tt 

StCH,  50 

+0,86 

5 

ft 

Ha0,  100 

*1.99 

5 

it 

HCOOH,  IOC 

-0.14 

5 

^-FrCBs 

He OH,  100 

- .37 

8 

tt 

EtOH,  ICC 

- .81 

8 

»t 

AcOH,  ICC 

-1.39 

8 

ti 

-CgO , 97.5 

» T»  ^ . • «*'  * »*.  . ft  v.  <fr 

-3.08 

8 

> 

' V 

(Table  II  continued.) 
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Compound 

Solvent 

log  (lc/k*) 

Bef . 

PinOBs 

MeOH,  100 

-O.63 

8 

H 

BtOH,  100 

-1.29 

8 

n 

AcOH.  100 

-0.70 

8 

n 

Ac30,  97*5 

-2.08 

8 

it 

HCOOH* 

+2.39 

8 

MeOCxGBa 

MeOH,  100 

. 46 

5 

n 

EtOH,  100 

-1.02 

5 

n 

EtOH,  50 

+0.70 

5 

it 

AcOH,  100 

- .97 

5,19 

BrCxOBs 

MeOH,  100 

— .74 

5 

n 

EtOK,  100 

-1.42 

5 

n 

EtOH,  50 

+1.11 

5 

it 

AcOH,  100 

-1.12 

5,19 

tfCHOlMe 

MeOH,  100 Jfk 

-0.43 

20 

n 

EtOH,  100J,B 

-1.50 

20 

a 

i<ie3C0,  80J,n 

-1.12 

2C 

it 

AcOH,  100 

-1.62 

21 

tfa0HCl 

MeOH,  ?6.7 

-0.07 

11 

n 

EtOH,  100 

-1.51 

22 

n 

EtOH,  90 

-0.55 

10 

n 

Me3CO , 90 

-2.57 

23 

it 

Me3C0,  80 

-1.38 

23 

n 

i*ie3C0 , 70 

-0.73 

23 

it 

Me3C0,  50 

+0.9S 

15 

it 

AcOH,  10 Cp 

-2.36 

11 

it 

HCOOH,  83.3 

+2.61 

11 

(Table  II  continued) 
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Compound 

Solvent 

lo g (k/k°) 

Ref. 

$aCE$ 

EtOH,  50 

+1.61 

11 

£. 

n 

AoOH,  10  6* 

+2.11 

11 

f 

* 

V 

n 

HCOOH,  83.3 

+5.90 

11 

r. 

t~BuQl 

MeOH,  100 

-1.05 

24 

it 

KeOH,  96.7 

-0.72 

24 

r*- 

K 

i-ieOH,  69.5 

+1.02 

24 

fe 

v'- 

* 

P 

It 

EtOH,  100 

-1.98 

12 

S.‘~ 

» 

II 

EtOH,  90 

-0.73 

12 

II 

EtOH,  60 

+1.14 

12 

|L 

n 

EtOH.  50 

+1.60 

12 

t|~ 

M' 

fc 

N 

EtOH,  40 

+2.15 

12 

«s 

!■ 

n 

«'j®aCC , 80 

-O , 68 

12 

i 

i 

n 

MO3CO,  50 

+1.29 

25 

V 

3 

1 

n 

h3o,  ICO 

+3.55 

8,26 

f. 

b 

* 

n 

AcOH,  100 

-1.64 

8 

i 

ii 

ac30,  97.5 

-3.29 

8 

. 

U 

HCOCH,  83.3 

+1.50 

11 

* 

1 

i. 

" 

HCOOH,  100 

+2.08 

18 

r 

tfgCSClT 

HeOH,  96*7 

- .30 

11 

- 

HeOH,  69.5 

+ .40 

11 

■ 

EtOH,  40 

+ .56 

11 

K 

K 

If 

► 

Me3C0,  80 

- .28 

11 

j 

1 

. 

| 

i'ie3CO,  7C 

- .05 

11 

1 

1 

» 

HeaCO , 50 

+ .26 

11 

(Table  II  continued) 
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Compound 

Solvent 

log  (M/k°) 

Bef. 

jlgCOAO 

MeOH , 96.7 

+0.03 

11 

II 

MeOH,  69.5 

+ .90 

11 

H 

EtOH,  60 

+ .56 

11 

rt 

MOgCO | So 

-1.56 

11 

N 

MegCO,  50 

+0.1*4- 

11 

03co$jo3 

MeOH,  69.5 

+ .83 

11 

N 

EtOH,  *40 

+1.25 

11 

M 

MegCO,  50 

+0.37 

11 

It 

AcOH,  100P 

+ .97 

11 

43c? 

MeOH,  96.7 

+ .11 

11 

r 

MeOH,  69.5 

+1.50 

11 

n 

EtOH,  IOC 

-1.73 

11 

R 

EtOH,  *40 

+2.02 

11 

■ 

MegCO,  7° 

-1.21 

11 

n 

MegCO,  5C 

+0.58 

11 

n 

AcOH,  ICO15 

+1.76 

11 

t 

T 

f 


| 

t 


i 

t 


% 

r 


I 


(Footnote  to  Table  II) 


aThese  are  decimal  logarithms.  For  all  compounds,  log  k/k°  * O.OCC  in  80 
ethanol  by  definition.  For  each  compound,  the  temperature  is  that  given  in 
Table  I. 

^Symbols  for  compounds  are  explained  in  footnote  a of  Table  I. 

°Number  after  solvent  is  by  volume  based  on  volumes  before  mixing;  the 
residue  is  water  except  for  97.5^  AcgO  which  is  2.5fc  acOH;  ka,  Et,  ac  ■ 

CH3 , CgHg , CH3CO . 


27 


^Calculated  from  data  at  80°  and  100°, 

eExtrapolated  from  a higher  temperature  using  AE  = 20.2  koal, 

•f  27 

1 Extrapolated  from  a higher  temperature  using  AE  = 19.8  keal. 

e2xtrapolated  from  a higher  temperature  using  AE  ■ 22.0  keal.11 

k Interpolated  from  a plot  of  log  k vs.  mole  fraction  of  water. 

xExtrapolated  from  a lower  temperature  UBing  AB  = 27,1  heal. 


^Unfortunately  tha  values  used  in  these  calculations  were  not  the  correct 
ones  recorded  here  but  were  -1.37»  -2.^5  and  -"2,0 6 for  methanol,  ethanol, 
and  80$b  acetone  respectively,  which  correspond  to  incorrectly  calculated 
values  tabulated  by  others®  in  the  literature.  We  discovered  this  error 
subsequent  to  completion  of  the  calculation. 


^Extrapolated  from  a 
“^trapolated  from  a 
nExt  rape lated  from  a 


27 

higher  temparature  using  E «=  21.7  keal. 

27 

higher  temperature  using  E = 21.9  keal. 

27 

higher  temperature  using  E * 21,8  keal. 


•%he  datum  given  was  obtained  in  99. 3£  acOH  - C.Tfc  ac30,  but  is  used  for 
lOOfr  acOH  sinoa  this  compound  is  relatively  little  affected  by  traces  of 
Ha0  or  Aca0, 
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(13)  J.  P.  Norris  and  H.  H.  Young,  J.  Am.  Chem.  Sqc. . 57,  1420  (1935). 

(14)  I.  Dostrovsky  and  3.  D,  Hughes,  J.  Chem.  Sqc..  164  (1946). 

(15)  C.  G.  Swain,  C.  B.  Scott  and  K.  Lohmann,  J.  Am.  Chem.  Spc..  75, 

136  (1953). 

(16)  1 Dostrovsky  and  E.  D.  Hughes,  J.  Chem.  Soc..  166,  1?1  (1946). 

(17)  E.  Grunwald  and  S.  Winst-ein,  J.  am.  Chem.  Sqc..  69,  2051  (1947). 

(18)  L.  C.  Bateman  and  E.  D.  hughes,  J.  Chem.  Soo..  935,  940,  945  (1940). 

(19)  S.  Winstein,  E.  Grunwald  and  L.  Ingraham,  J.  an.  Chem.  Soc..  70, 

821  (1948).  w- 

(20)  E.  D.  Hughes,  C.  5.  Ingold  and  a.  I),  Scott,  J.  Chem.  Sqc..  1201 

(1937). 

(21)  J.  Steigman  and  L.  F.  Hammett,  J.  Am.  Chem.  Sqc..  59,  2536  (1937). 

(22)  3.  D.  Hughes,  C.  X.  Ingold  and  N.  a.  Taher,  J.  Chem.  Soc..  949 

(1940).  ‘ 

(23)  L.  C.  Bateman,  i-i.  G.  Church,  3.  D.  Hughes,  C.  k.  Ingold  and 
N.  a.  Taher,  lhld..  979  (1940). 

(24)  A.  R.  Olson  and  H,  S.  Halford,  J.  Am,  Chem.  Sqc..  59,  2644  (1937). 

(25)  «.  S,  Swain,  Ph.D.  Thesis,  Radcliffe  College,  1948, 

(26)  C,  G,  Swain  andS.D.Ross,  J,  am.  Chem.  Sqc..  68,  658  (1946). 

(27)  E.  D.  Hughes,  C.  X.  Ingold,  S,  ifesterman  and  B.  J.  McNulty, 

Chem.  Soc..  899  (1940), 

(28)  S,  Winstein  and  H.  Marshall,  J.  Am.  Chem.  Soc.,  74,  112C  (1952). 

(29)  0.  G.  Swain  and  C.  3.  Scott,  ibid..  75,  141  (1953). 
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The  data  represent  a.  wide  range  of  structural  variation.  The 
compounds  range  from  jvnitrobenzoyl  i/.nd  methyl  to  triphenylmethyl  ^*nd  from 
fluorides  to  aryl sulfonates.  Some  have  strong  neighboring  group  participa- 
tion and  the  pinacolyl  compound  even  rearranges.  The  solvents  range  from 
anhydrous  c lcohols  and  water  to  glacial  acetic  acid  and  anhydrous  formic  aoid. 

Wishing  to  weight  all  the  log  (k/k°)  values  equally,  we  chose  the 

condition 

[log  (h/h°)ot)8  — (ffidi  + cada5]»  minimum 
146  data 

to  define  the  best  fit.  Thus  no  compound  is  given  more  weight  than  any 
other.  Sotting  the  partial  derivative  with  respect,  to  each  other  of  the  25 
Ci,  25  Cg,  1?  di  and  17  da  unknown  parameters  equal  to  zero  gave  84 
simultaneous  equations.  These  were  solved  by  an  interative  procedure  (see 
method  of  calculation  below)  on  the  Mark  IV  digital  computer  of  the  Harvard 
Computation  Laboratory. 

The  solution  obtained  was  not  unique.  To  make  it  unique  it  was 
necessary  subsequently  to  impose  four  conditions  (in  addition  to  di  - d9  =» 
0.00  for  80$b  ethanol).  These  sire  in  the  nature  of  scale  fuctors  or 
normalization  conditions  for  the  calculated  parameters  and  were  chosen 
arbitrarily  as  follows, 

,ci  = 3. CO  Ca  for  h9Br 
Cj_  « c?  = 1.00  for  tpBuCl 
3. CO  c i =*  Cg  for  03CP. 

A renormalization  to  any  other  arbitrary  assignment  (ary  a or  g)  may  be 
made  easily  using  the  equations 


->14~ 


Qi*  « a O}  (1  - cO  c,a 
cjf  = g.ci  + (l-i)2j3 


i*  + £h*  ■ ii  + ia 


for  new  values  (denoted,  "by  superscript  stars). 

Table  III  lists  the  values  of  the  constants  obtained.  The  values 
in  parentheses  are  the  ones  arbitrarily  assigned.  Values  based  on  very 
limited  data  are  indicated  by  superscript  letters  referring  to  explanatory 
notes. 

The  ratio  Ox/Sa  1*  a convenient  single  number  to  characterize 
the  reactivity  of  a compound.  Compounds  which  discriminate  relatively 
more  highly  among  electrophilic  reagents  than  among  nucleophilio  reagents 
tend  to  have  low  values  for  thiB  ratio.  As  expected,  this  rutio  decreases 
from  jhi nltro  to  jMaetbyl  and  in  the  order  methyl,  etiyl,  irpropyl,  .t-butyl, 
benzhydryl,  trityl. 

The  difference  dx  - da  is  a convenient  single  number  to  characterize 
the  reactivity  of  a solvent.  The  most  electrophilic  solvents  have  the 
lowest  values  for  this  difference,  with  the  difference  decreasing  in  the 
order  anhydrous  alcohols,  acetone-water  and  alcohol-water  mixtures,  water, 
glacial  acetic  acid,  anhydrous  formic  acid. 

Fig.  1 shows  the  correlation  for  several  typical  compounds  UBing  these 
compound  and  solvent  constants. 
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Table  III 

Values  o?  compound  and  solvent  constants 


Compound 

Cl 

2ja 

CJ./03 

Compound 

Cl 

£a  SLxl 2a 

NOgtfCOCl 

1.09 

0.21 

5.2 

i-PrCBa 

0.63 

0.48  1.33 

NOatfCOF 

1.67 

.49 

3.4 

KeOCxOBs 

.57 

.57  1.00 

#C0C1 

0.81 

.52 

1.6 

BrCjOBs 

.00 

.87  0.92 

<f>Z  )F 

1.36 

.66 

2.1 

PinOBe 

.76 

.87  0.86 

MetfOOCl 

0.82 

.65 

1.3 

0CHClMe 

1.47 

1.75  .84 

HetfCOF 

1.29 

.00 

1.6 

tfaCHCl 

1.24 

1.25  .99 

MeBr 

0.80 

.27 

(3.0) 

tf3CHE 

0.32a 

1.17®  .27* 

EtBr 

.00 

.36 

2.2 

t-BuCl 

(1.00) 

(1.00)  (1.00) 

EtOTs 

.65 

.24 

2.7 

</aCSCN 

0.19 

0.28  O.69 

^-BuBr 

.77 

.34 

2.2 

tf3C0Ac 

2.19* 

.77*  — 

tfCHgOl 

.74s 

.44* 

1.7* 

tf3CO0NO3 

0.18 

.59  .31 

tfOH3OT8 

.69s 

.39® 

1,8s 

.37 

1.12  ( .33) 

i-PrBr 

,90 

.58 

1.5 

Solvent 

& 

&1-&3 

Solvent 

ii 

da  dj^da 

MeOH,  100 

-0.05 

-0.73 

+0.68 

He 3 CO,  90 

-0.53° 

-1.52°  + 1.0° 

MeOH,  96.7 

- .11 

- .05 

- .06 

He 3 CO , 80 

- .45 

-0.68  +0.2 

MeOH,  69,5 

- .06 

+1.32 

-1.38 

HeaCO,  70 

- .09® 

- .75®  + .7® 

EtOH,  100 

- .53 

-1.03 

+0.49 

He3CO,  50 

- .25 

+ .97  - 1.2 

EtOH,  90 

- .01° 

- .54° 

+ .52° 

K30,  100 

-.44d 

+4.01d  - 4.5d 

EtOH,  80 

( .00) 

( .00) 

( .00) 

acOH,  100 

-4.82 

+3.12  - 7.9 

EtOH,  60 

- ,22d 

+1.34d 

-i.56d 

AcaO,  97.5 

-8.77° 

+5.34°  -14.1° 

EtOH,  50 

+ .12 

+1.33 

-1.21 

HC00H,  83.3 

-4.44° 

+6.26°  -10.7° 

EtOH,  40 

- .26 

+2.13 

-2.38 

HCOOH,  100 

-4.40 

+6.53  -10.9 

i 


i 


-l  6- 


(EoOtnotes  to  Table  III) 


&Somewhat  doubtful  because  baaed  on  only  three  log  (k/k°)  valuea. 

^Especially  badly  fixed  by  the  data  becauae  baaed  on  only  five  leg  (k/&°) 
values  for  very  similar  media:  none  was  an  absolute  alcohol  or  contained 
over  50/o  water  or  any  acetic  acid  or  formic  acid. 


cUae  with  caution.  Not  well  fixed  by  the  data  becauae  baaed  on  only  three 
compounds. 


only  four  compounds. 


°Ba8ed  on  aromatic  compounds  only,  hence  may  give  poor  predictions  for 
aliphatic  compounds. 


Cole,  log  k/k 


SOXMe_,CC 


SOXEtOH 

A*CC«/ 


Calc,  log  k/k 


6a5XMeOH^ 

60XEtOHy 

SOX  EKX  «^96.7  X 
MeC-H/4  MeC 


t c4h9ci 

40XEI0H 

SOXEtOH^ 

SOXMeJC0#J 

60XEtOH/^ 


I HCOOH 
833  X 
HCOOH 


-3-2-1  0 I 2 3 

Calc,  log  k/k* 


80X  MefO  96.7X  MeOH 

OOT.  FIOH 
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Table  IV  lists  some  measures  of  fit.  The  compound.  vri.th  the 
largest  (mean  error  in  log  fe,,alc  ) ie  t.-butyl  chloride  and  for  it  our 
measure  offitj2  (j}  f is  typical  and  excellent,  viz,  8 5£.  Figs.  1-8 

show  typical  plots  of  the  fits  obtained.  The  largest  individual  error  ia 
for  benzoyl  chloride  in  methanol  and  corresponds  to  a factor  of  4.4  in 
The  mean  <£  for  all  compounds  is  0.124  (factor  of  1.33  orror  in  k),  For 
typical  advents  g ia  0.12  for  methanol  (&  “ 12),  0,22  for  50 acetone 
(a  “ 13)i  0.07  for  acetic  acid  (&  * 18),  and  0.04  for  formic  acid  (n  ■=  10), 
The  fit  is  about  as  good  for  the  extreme  compounds  and  solvents  studied  aa 
for  the  ones  of  intermediate  reactivity. 

Table  IV 

ME*SUR3S  or  FIT2  TOR  CERTAHT  COMPOUNDS 


CoimDOund 

n 

€ 

Vyt 

HOa0COCl 

7 

0.07 

95 

NOa0COF 

10 

.15 

90 

0COC1 

12 

.23 

72 

000  F 

9 

.11 

91 

MeBr 

5 

.06 

93 

n-BuBr 

7 

.05 

89 

0CHC1 

9 

.19 

84 

t-BuCl 

15 

.25 

85 

03  OF 

7 

.25 

79 

Discussion.-  The  results  were  compared  with  these  using  other 


equations  in  paper  XI.  The  correlation  is  particularly  gratifying  for 

^-nitrobenzoyl  chloride  and  triphenylmethyl  fluoride,  which  gave  almost 

11  . . using 

random  scatter  plots  of  log  (k/k°)  tb.  log  (k/k1?) 

ot  s . 


when  the  equation 
calc . A 


log  (k/k°)  = mX» 


Howard  H. 
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MBTffiD  OF  CALCULATION 

In  this  problem  it  is  required  to  find  the  best  values  of  a^,  b^, 

c , & to  represent  a given  matrix  of  the  form  E Z *y  the  scalar  product 
j J ij 


Z.  . e a. c.  + b d , 
iJ  -i-j  i~j 


i c 1*3... . < * m 
3 ■ i»2 a. 

Not  all  possible  elements  Z^  are  given;  the  dements  are 

introduced  to  form  an  existence  matrix  suoh  that  2 » 1 if  the 

* J 


corresponding  Z ^ is  given  and  B^ 


0 otherwise. 

To  obtain  a least  squares  fit,  it  is  required  that  the  quantity 


^2  ^Bij(zij"%v^j: 


be  minimum.  From  this  it  follows  that 


<62> 


b 


2) 


(€2) 


^ t 1 

( £ > 


for  all  i and  j.  Carrying  out  the  differentiations  one  obtains  a system  of 
2 (&+a)  non-linear  simultaneous  equations  as  follows: 


19*- 


'T'  2 


*1  + ^1  ^ 


TS  o 4 = / . 


B c Z 
ij“3  iJ 


XE  o 4 + b B 4 **  ^ i E 4 Z 

j ij— ^ j ij-3  ^ 4 ' 4-4  j 


^ :j-j  a 


c S'  E a^  +4 

"J  Zj  i 


2 Bab  = / E a Z 

i ij-l-l  <->i  ‘ “■ 


ij-i  iJ 


; E a b + d E b*"  = V*  E b Z , 

“j  ija“i  ij“i  ^i  ij“i  iJ 


(1) 

(2) 

O' 

(4) 


If  approximations  to  the  values  of  an4  4^  be  given,  Equations  (1) 

an4  (2)  can  be  solve4  simultaneously  to  give  approximate  Values  of  a^ 

and  b^.  Then  Equations  (3)  an4  (4)  can  be  solved  to  give  new  approximations 

to  the  values  of  c,  ani  4 . This  is  a simple  process  Bince,  for  a given 
a J 

value  of  i,  Equations  (1)  and  (2)  are  Just  a pair  of  linear  simultaneous 
equations  involving  and  b^  as  unknowns,  and  e.  similar  remark  applies  to 
Equations  (3)  and  (4). 

Although  Equations  (1),  (2),  (3)  and  (4)  may  be  used  as  an 

iterative  process  to  obtain  a solution  of  the  problem  it  was  decided  to 

30 

employ  an  extrapolation  process  in  order  to  decrease  the  time  required 


(3C)  The  principle  on  which  this  process  is  based  was  suggested  by 
Dr.  H.  E,  Clapp. 


to  obtain  the  answer.  Let  the  sets  of  numbers  , b , c and  d obtained 

*oi  1 J j 

after  the  n-th  iteration  form  the  vector  V , Let 

n 

Vl  ~ Vn  c V 

Bow  £ ^ nay  be  written  as 

✓ 2 

£ ■ f(V  ^ 

n+1' 


since  is  a function  of  the  variables  which  form  the  components  of  V . 
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One  may  calculate 


*c  = f<Vi> 


f,  = f(V  , + M>  ) 
1 n+1  n 


f2  = f(Tn+l  ♦ 2mn) 

where  h is  a scalar.  How  assume  that  f(V  , + xD  ) is  approximately  a 

n+1  n 

quadratic  in  x (in  practice  the  validity  of  this  assumption  depends  mainly 
on  the  choice  of  h). 

Then 

f(V  + xD  ) A f + uAf  + 


where 


n+1 


» * l • " - W *2f " V*W 


This  expression  of  f may  now  he'  minimised  with  respect  to  x hy  setting  the 

derivative  equal  to  zero. 

One  finds  that  f(V  + sD  ) is  mininum  for 
n+1  n 


s 


Af 


h (|  - 
2 &f 


J. 


and  the  vector  V « V + sD  may  he  used  to  start  a new  series  of 

n+1  a 

iterations.  In  the  course  of  the  problem  values  of  s of  10-20  were  usual , 
although  much  larger  numbers  were  encountered  in  certain  circumstances.  The 
size  of  s is,  of  course,  dependent  to  some  extent  on  the  number  of  itera- 
tions between  extrapolations.  This  number  was  varied  somewhat  in  the  course 
of  running  the  problem,  though  it  was  usually  found  that  three  to  five 
iterations  gave  good  results.  Sunning  time  for  this  problem,  starting  either 
with  given  approximations  or  with  all  starting  values  equal  to  unity,  was 
about  one  hour. 
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